method requires no enzymes, has no lag phase, and has good sensitivity. A major advantage of the reaction isthatitoccurs at a temperature of 37 #{176}C or lower. The resultsobtained by allthree methods agree well with those for a continuous-flowprocedure inwhich diacetyl isa reagent.
Additional Keyphrase: intermethod comparison
The two most commonly used methods for measuring urea in clinical chemistry laboratories (1) are the urease, phenol, and hypohalite reaction (2) and the diacetyl reaction (3). The first method is very specific and sensitive, but there are problems of urease inhibition and inactivation, and reagent instability, and the method measures endogenous ammonia. The diacetyl reaction does not measure ammonia, the reagents are stable, and it also is sensitive and quite specific. Disadvantages are that the color produced is unstable, the color is developed at 95 #{176}C, and that the volatile diacetyl has an odor that is unpleasant to some individuals.
Described here is a colorimetric reaction of urea, o-phthalaldehyde, and N-(1-naphthyl)ethylenediamme (NED) that does not require elevated temperatures for color development, makes use of nonvolatile and stable reagents, and has specificity comparable to that of the diacetyl reaction.
The greatest advantage of this new reaction is that it can be used to measure urea in either manual, continuous-flow, or kinetic methods. 
Materials and Methods

Reagents
Procedures
Manual.
To a sufficient number of tubes to accommodate the working standard solutions, samples, controls, and reagent blank, add 2.50 ml of the 20 mg/dl o-phthalaldehyde reagent. Prepare blank solutions for the samples and controls by adding 2.50 ml of water containing Brij to other tubes. Add 50 l of appropriate sample to each tube, except the reagent blank, which requires no addition.
Then add 2.50 ml of the NED reagent, mix and incubate for 30 mm at 37 #{176}C. When the solutionscool to room temperature, measure the absorbance of each at 505 nm after adjusting the instrument to zero absorbance for the reagent blank.
The absorbances of the reagent blank and the other assay solutions increase slightly with time. We recommend that the absorbance of the reagent blank be measured every 5 mm and that the instrument be readjusted to zero absorbance if required. The absorbances of the standard solutions are plotted against their concentrations on linear graph paper. The urea concentrations of the samples and controls are obtained from this plot after correcting their absorbances by subtraction of the corresponding blank absorbances.
Continuous-flow.
The system requires a sampler, a pump, a 240-cm circular dialyzer, a colorimeter, and a stripchart recorder ( Figure 1 ). The color develops in glass coils immersed in the 37 #{176}C dialyzer bath. The system requires a 25-gil sample.
Kinetic.
To 1.50 ml of 60 mg/dl o-phthalaldehyde reagent at 37 #{176}C, add 50 l of sample, control, or standard solution. Add 1.50 ml of NED reagent, also at 37 #{176}C, mix and transfer to a cuvet with a 1-cm lightpath.
A reference solution is prepared by combining 1.50 ml of the o-phthalaldehyde reagent and 1.50 ml of the NED reagent, both at 37 #{176}C. Absorbances are measured for at least 2 mm at 505 nm with the sample compartment thermostatted at 37 #{176}C. Urea concentrations are calculated from initial slope values.
Results
The colored product of the assay reaction has a maximum absorbance at 505 nm, but the absorbance peak is quite broad and may be measured at any setting from 480-540 nm.
Manual Method
The rate of formation of the colored product and its stability are directly related to the o-phthalaldehyde concentration, which in the manual method is one-third of that used in the continuous-flow and kinetic methods. This lower concentration requires more time for color development, but does provide a more stable color. A major disadvantage of the manual technique is that the absorbance-concentration relationship is not linear throughout the useful range, which explains why it is necessary to use several standards. The departure from linearity occurs at about 50 mg of urea nitrogen per deciliter with the longer reaction times and is little affected by changes in the concentrations of o-phthalaldehyde, H2S04, or NED. The method is satisfactorily sensitive in the normal range.
The absorbances of sample blanks are usually very small and consistent, and such blanks are required only when the samples contain abnormal quantities of bilirubin or hemoglobin, or are turbid.
Continuous-Flow Method
The colored product of the reaction forms at 20-40 #{176}C, with the rate of formation being directlyrelated to temperature. Temperatures above 40 #{176}C lead to color instability. In the continuous-flow system, color develops in glasscoilsimmersed in the thermostatted dialysis bath. The color can also be developed with the coils at room temperature, but it requires more time and thus more coils, which leads to greater sample interaction.
For standard solutions, the absorbance-concentration relationship is linear to 250 mg of urea nitrogen per deciliter. Figure 2 , a recording of repeated analyses of standard urea solutions with high and low concentrations, shows that there is very little sample interaction.
Kinetic Method
The volumes of reagents and sample used in the kinetic method were selected to provide an absorhance change of 1 in 3-4 mm with a urea nitrogen concentration of 100 mg/dl (Figure 3 ). This provides good sensitivity in the normal range. The rate of absorbance change can be decreased by using smaller sample volumes or more dilute o-phthalaldehyde and NED reagents, or by incubating at lower temperatures.
Interfering Substances
Solutions of the compounds listed in Table 1 
Precision and Comparative Studies
The precision of the three procedures were measured by repeated analyses of the same serum samples (Table 2) .
Results obtained with the continuous-flow procedure of Marsh et al. (3) were compared (Table 3) 
Discussion
The manual method as described here is not especially convenient for assaying a large number of specimens because of the long incubation time, the nonlinearity at above-normal concentrations, and the color instability.
It is presented as a technique for emergency use or as an alternative method in case of failure of continuous-flow or kinetic-assay equipment. The incubation time can be decreased to 5 mm by using the same o-phthalaldehyde reagent as is used in the continuous-flow procedure, but the color is more unstable. If this approach is used, absorbance must be measured at very precise times, as is done in manual enzyme activity measurements.
The best routine applications of this reaction seem to be the continuous-flow and kinetic techniques. The continuous-flow method requires a reasonably small sample volume, has good sensitivity over the most commonly used concentration range, and does not require warming for color development.
The sensitivity of the continuous-flow method can be easily regulated by varying the concentration of o-phthalaldehyde or NED, the temperature of the color-development coils, or the time for color development.
The kinetic method has several advantages not shared by many other kinetic methods: the reagents are all stable at room temperature, the procedure does not require enzymes as reagents, the reaction does not show a lag phase, and the rate of the reaction can be regulated by changing the o-phthalaldehyde or NED concentrations.
For example, by increasing the o.phthalaldehyde concentration to 60 mg/dl, useful rates can be obtained with a 10-jl sample. The reaction rate can be decreased by incubating at lower temperatures.
The specificity of the reaction for urea is comparable to that for the diacetyl reaction except when sulfa compounds are present. Citrulline and fl-ureidopropionic acid, which interfere with the present reaction, also interfere in the diacetyl procedure.
Citrulline it is the isoindoline derivative that is formed in the reaction.
The phthalan derivative (B) cannot be eliminated as an intermediate however, because the two compounds are in equilibrium (4). Further reaction probably involves the formation of a carbonium ion from A which reacts with NED in a typical aromatic substitution reaction (5) to produce a compound that undergoes rearrangement to yield a highly conjugated and intensely colored product.
The boric acid incorporated in the NED reagent increases the sensitivity of the reaction. The mechanism of this effect is not known.
The clinical chemical procedure described here is perhaps unique in that the same reaction can be used to measure urea by manual end-point, continuousflow, or kinetic methods. The two principal reagents are readily available from commercial sources, are inexpensive in the quantities required, and are stable at room temperature.
